Abstract. This paper describes an application of Caged (Cluster Analysis of Gene Expression Dynamics) to a data set of gene expression temporal profiles from Saccaroinicys Cerevisiae. The goal of the analysis is to identify groups of genes with similar temporal patterns of expression during the cell cycle. We show that Caged groups gene expression temporal profiles into meaningful clusters and identifies genes with a putative role in the cell cycle.
Introduction
Several applications of genome-wide clustering methods focus on the temporal profiling of gene expression patterns measured in temporal experiments. Temporal profiling offers the possibility of observing the cellular mechanisms in action and tries t o break down the genome into sets of genes involved in the same or related processes. However, standard clustering methods, such as the hierarchical clustering method of Eisen et al. (1998) or the self organizing maps (Tamayo et a1.,1999) , analyse the data generated from these experiments under the assumption that the observations for each gene are independent and identically distributed (iid). Gene expression data collected from temporal experiments are the realizations of a time series, where each observation may depend on prior ones (Box and Jenkins,l976; West and Harrison, 1977) . However, standard similarity measures currently used for clustering gene expression data, such as correlation or Euclidean distance, are invariant with respect to the order of observations: if the temporal order of a pair of series is permuted, their correlation or Euclidean distance will not change.
A second critical problem of clustering approaches to gene expression data is the arbitrary nature of the partitioning process. This operation is often done by visual inspection, by searching for groups of genes with similar expression patterns. Permutation tests are sometimes used to validate the partitions found by this procedure (Eisen et al. 1998) , and a bootstrapbased validation technique is presented in Kerr and Churchill (2001) . The gap statistic of Tibshirani et al. (2001) is also used to find the optimal number of groups in the data.
CAGED (Cluster Analysis of Gene Expression Dynamics) is a model based, Bayesian clustering procedure developed by Ramoni et al. (2002) to cluster gene expression profiles measured with microarrays in temporal experiments. Contrary to popular clustering methods, CAGED takes into account explicitly the fact that expression profiles in temporal experiments may be serially correlated and uses a model-based, Bayesian procedure to identify the best grouping of the gene expression data in an automated way. An important property of CAGED is that it automatically identifies the number of clusters and partitions the gene expression time series in different groups on the basis of the principled measure of the posterior probability of the clustering model. In this way, CAGED allows the investigator to assess whether the experimental data convey enough evidence to support the conclusion that the pattern of a set of genes is significantly different from the pattern of another set of genes. This feature is particularly important because decades of cognitive science research have shown that the human eye tends to overfit observations by selectively discounting variance and "seeing" patterns in randomness (Kahneman et al. 1982) . By contrast, a recognized advantage of a Bayesian approach to model selection is the ability to automatically constrain model complexity and to provide appropriate measures of uncertainty.
We apply CAGED to cluster a data set of gene expression temporal profiles from Saccaromicys Cerevisiae. The goal of the analysis is to detect those genes whose transcript levels vary periodically within the cell cycle. Cell cycle is a very complex ordered set of events that consists of several phases culminating in cell growth and division into daughter cells (mitosis). During this period, the cell is constantly synthesizing RNA, producing protein and growing in size. In the GI phase, the cell increases in size, produces RNA and synthesizes proteins. The next step is the synthesis phase S in which DNA replication occurs. This phase is followed by the G2 phase in which the cell continues to grow and to produce new proteins, and by the mitosis (M phase). Many genes are involved in DNA synthesis, budding and cytokinesis that occur only once per cell cycle. In addition, many of these genes are also involved in controlling the cell cycle itself. For this reason, the expression levels of the genes that have a regulatory role in cell cycles are expected to show periodical behaviors across time and to present at least one peak during the phase in which they are activated. The data were originally analyzed by Spellman et al., (1988) , using Fourier models, and the authors identified several clusters
